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Thiazide diuretic effect on medullary collecting duct function in the rat.
The distal convoluted tubule is thought to be the principal site of action
of thiazide diuretics, but, to our knowledge, there are no studies of their
possible effects on collecting duct transport. Microcatheterization of
the inner medullary collecting duct (IMCD) was carried out in rats
undergoing a modest diuresis, natriuresis, and chloriuresis from hydro-
chlorothiazide (2 mg/kg/hr) and in normal controls. Delivery of fluid,
sodium, and chloride to the beginning of the IMCD was increased, but
not significantly, while the load remaining at the papillary tip (end) of
the duct was increased markedly by hydrochlorothiazide. Chloride
reabsorption in the IMCD was affected most markedly; the chloride
reabsorption between the beginning and end of the duct, as a fraction of
the delivered load, was reduced from 70.4 5.4% in controls to
insignificant amounts with hydrochlorothiazide (8.2 11.5%, P <
0.001). The fraction of delivered sodium reabsorbed along the collecting
duct was decreased from 78.5 4.9% in controls to 37.2 12.4% (P <
0.005) in thiazide-treated rats and fluid reabsorption was decreased
from 59.4 4.0% in controls to 31.9 5.1% (P < 0.005). Small but
significant potassium secretion into the IMCD occurred with hydro-
chlorothiazide, probably secondary to the marked increase in potassi-
um delivery to the duct. Increased potassium excretion could account
for a maximum of 50% of chloriuresis with hydrochlorothiazide. The
observation that thiazide diuretics decrease chloride, sodium, and fluid
reabsorption in the medullary collecting duct, like the recently demon-
strated inhibitory effect of furosemide on this nephron segment, has
significant implications for the rationale for diuretic use.
Effet des diuretiques thiazidiques sur Ia fonction du canal collecteur
médullaire chez Ic rat. Le tubule contourné distal est considéré comme
étant le site principal d'action des diuretiques thiazidiques, mais, a
notre connaissance, il n'existe aucune étude de leurs effets éventuels
sur les transports dans le canal collecteur. Des microcathétérisations du
canal collecteur médullaire interne (IMCD) ant été effectuées chez des
rats ayant one diurêse, une natriurèse, et une chlorurèse modestes par
l'hydrochlorothiazide (2 mg/kg/br) et chez des rats contrôles. Le debit
de liquide, de sodium, et de chlore au debut de l'IMCD était augmenté,
mais non significativement, tandis que Ia charge délivrCe a l'extrémité
(fin) papillaire du canal Ctait augmentée de facon marquee par l'hy-
drochlorothiazide. Laréabsorption de chlore dans l'IMCD était affectée
de facon três marquee; Ia reabsorption de chlore entre Ic debut et a fin
du canal, sous forme de fraction de Ia charge délivrée, était réduite de
70,4 5,4% chez les rats contrôles a des quantités insignifiantes par
l'hydrochlorothiazide (8,2 11,5%, P <0,001). La fraction de sodium
délivrée réabsorbCe le long du canal collecteur était diminuée de 78,5
4,9% chez les contrôles a 37,2 12,4% (P < 0,005) chez les rats traités
par le thiazide, et Ia reabsorption de liquide était diminuée de 59,4
4,0% chez les contrôles a 31,9 5,1% (P < 0,005). Une sCcrétion faible
mais signiflcative de potassium dans l'IMCD est apparue avec l'hy-
drochlorothiazide, probablement secondaire a une augmentation mar-
quee du potassium délivré au canal. L'augmentation de l'excrétion de
potassium pourrait représenter au maximum 50% de La chlorurèse avec
I 'hydrochlorothiazide. L'observation que les diurétiques thiazidiques
diminuent Ia reabsorption de chlore, de sodium et d'eau dans Ic canal
collecteur mCdullaire, comme l'effet inhibiteur du furosémide récem-
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ment démontrC dans ce segment néphronique, a des applications
significatives pour l'utilisation rationnelle du diuretique.
Despite their widespread use in clinical practice for many
years, the sites of action of thiazide diuretics in the distal
nephron are not entirely clear. In particular, their effect on
collecting duct function has not been assessed [I]. Since it is
now apparent that collecting duct function is critical in deter-
mining urinary sodium chloride excretion, and since furosemide
has been shown recently to inhibit reabsorption in the medul-
lary collecting duct [2, 31, we carried out the present study to
determine the effect of hydrochlorothiazide in this nephron
segment.
Methods
Two groups of male Sprague-Dawley rats, weighing from 220
to 290 g, were used for clearance and collecting duct microcath-
eterization experiments. The two experimental groups consist-
ed of: (1) normal hydropenic controls (N = 8), which received
the infusion without hydrochlorothiazide, and (2) hydrochloro-
thiazide-treated rats (N = 8), which received the drug in a
loading dose of 2 mg/kg and constant infusion of 2 mg/kg/hr.
All rats were allowed free access to food and water except
that food was limited the night prior to the experiment. Collect-
ing duct microcatheterizations and clearances were carried out
as previously described [4, 51. Rats were anesthetized with
mactin (100 mg/kg body weight i.p.), and their body tempera-
tures were kept at 37 to 38°C on a heated operating table.
Tracheostomy was performed, and a jugular vein and femoral
artery were cannulated for infusion and blood pressure mea-
surement and sampling, respectively. From the start of surgery,
a mixture of isotonic Ringer's solution (Na = 140, Cl = 115,
HCO3 = 30, K = S mEq/liter) and fresh rat plasma (3:1 parts)
was given by a constant intravenous infusion at 1.25 mI/hr. The
left kidney was prepared for microcatheterization and urine
collection. 3H-inulin was added to the constant infusion to
deliver 167 tCi of isotope over the course of the experiment.
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Table 1. Blood pressure, hematocrit, and plasma electrolyte levelsa
P value
Blood pressure, m,n Hg 124 3 118 3 NS
Hematocrit, % 45 1 47 * I < 0.05
Plasma Na, mEq/liler 143 + I 142 I NS
Plasma K, rnEq/liter 4.9 * 0.1 4.1 0.1 < 0.001
Plasma Cl, mEqiliter 108 I 102 I < 0.01
The data represent an average of four to six values obtained during
the experiment in each rat.
Collecting duct sampling was begun after 40 mm, and samples
were obtained by microcatheterization during the 120-mm ex-
perimental period. Urine was collected at 20 to 30 mm intervals
and samples of arterial blood (50 to 100 d) were taken at the
midpoint of each urine collection.
The technique of sampling collecting duct fluid has been
described. Briefly, fine polyethylene catheters (O.D. 16 to 20
jim) were inserted to varying distances into different collecting
ducts via the exposed papilla tip. Two samples were obtained
consecutively in the same collecting duct system from near the
papillary tip and deep in the medulla. In each animal this
procedure was repeated four to six times (8 to 12 samples),
using controlled suction just sufficient to overcome the tip
resistance of the catheter. The depth of insertion of the catheter
was measured during withdrawal with a micrometer and was
related to medullary length obtained from a postmortem sagittal
section of the kidney.
Sodium and potassium concentrations in plasma and urine
were determined by flame photometry, and 3H-inulin concen-
tration was determined by liquid scintillation counting in tolu-
ene-based scintillant. Plasma and urine chloride were measured
using a chloridometer (Radiometer). Urinary excretion of sodi-
um (UNaV), potassium (UKY), and chloride (Uc1V) were calcu-
lated, as was GFR. Sodium and potassium concentrations in 10-
nl portions of tubular fluid were measured by helium glow
photometry, chloride by chloridometry (W-P Instruments Inc.,
New Haven, Connecticut) and 3H-inulin (30 nl) by liquid
scintillation counting. A nanoliter osmometer (Clifton Techni-
cal Physics, Hartford, Connecticut) was used to measure total
solute concentration in tubular fluid and urine samples.
For each tubular fluid sample, the fluid/plasma concentration
ratio of inulin (TF/P inulin) was determined and used to
calculate the fraction of filtered water (P/TF inulin), sodium
(TF/P5rI'FIPfl), potassium (TF/PK/TF/PIfl), and chloride
(TF/Pri/TF/Pin) remaining at the collection site. Absolute loads
of fluid and electrolytes at the beginning and end of the duct
were calculated from the GFR of the experimental kidney,
plasma level, and remaining fraction of filtered load (fractional
delivery). The fraction of delivered load reabsorhed in the
medullary collecting duct was calculated from the absolute load
delivered and the fractional reabsorption along the duct. For
statistical evaluation, the values obtained in each rat for sam-
ples from the beginning (4.5 to 7.5 mm from tip), or end (0.1 to
1.0 mm from tip) of the medullary collecting duct were com-
bined. The Student's t test for paired and unpaired data was
used to compare samples along the duct and the differences
GFR, in!' mm 'gkw
Urine flow,
pl mm 'gkn'
UN.,V,
nEq mm 'gkw
U1V, nEq mm 1gkw
UKV, nEq mm gkw
FEH)%FEN
FE1%
FEK
mOsin kg H20
The data represent an average of four to six values obtained during
the experiment in each rat.
between groups, respectively. All values are shown as the mean
1 SFM.
Results
Blood pressure was not significantly different between con-
trol and thiazide-treated rats (Table 1). Hemotocrit was in-
creased slightly in thiazide-treated animals, presumably be-
cause of mild intravascular volume contraction. Plasma potassi-
um and chloride levels were decreased by thiazides but
remained in the normal range. Plasma sodium and osmolality
were not different in the two groups.
Clearance results. During hydrochlorothiazide administra-
tion, GFR was unaltered and urine flow, urinary sodium,
chloride, and potassium excretion were increased (Table 2).
Fractional excretions of fluid, sodium, chloride, and potassium
were also increased, but at the dose of hydrochlorothiazide
used the diuresis, natriuresis, and chloriuresis were modest
(1.70 0.14%, 0.95 0.21%, and 2.52 0.31% of filtered fluid,
sodium, and chloride, respectively). The urine to plasma osmo-
lality ratio was lower in thiazide-treated rats.
Collecting duct mnicrocatheterization results. The average
depth of microcatheterization samples obtained from the 'be-
ginning' of the medullary collecting duct was 5.70 0.86 and
5.79 0.19mm in control and thiazide-treated rats, respective-
ly, which corresponds to the approximate length of the inner
medullary collecting duct [6]. The 'end' duct or papillary tip
samples were obtained at an average depth of 0.60 0.02 and
0.68 0.03 mm in the two groups. In the eight thiazide-treated
and eight control animals 46 and 43 pairs of samples, respective-
ly, were obtained. The results are shown in Table 3. Control
animals showed a significant decrease in the remaining fraction
of filtered fluid, sodium, and chloride between the beginning
and end of the duct, no change in the fractional remainder of
potassium, and an increase in osmolality of the collecting duct
fluid. These results are similar to those obtained previously in
normal rats by ourselves [4, 5, 7] and others [81.
Hydrochlorothiazide-treatcd rats showed significant changes
in collecting duct handling of fluid and electrolytes (Table 3).
Control
rats
(N 8)
Thiazide-
treated rats(N - 8)
Table 2. GFR and urinary excretion data in the experimental (left)
kidney'
Control rats(N 8) Thiazide-treatedrats (N 8) P value
0.96 -- 0.17 1.00 0.07 NS
7.60 0.93 17.6 2.2 < 0.001
318 +
481
389
0.78
0.23
0.47
8.31
554 +
1.97
48
117
93
0.10
0.04
0.12
1.93
34
0.12
1449 392
2611 --422
1351 96
1.70± 0.14
0.95 0.21
2.52 0.31
33.7 1.97
471 30
1.60 0.10
< 0.02
< 0.001
< 0.001
< 0.001
< 0.01
< 0.001
< 0.001
NS
< 0.05
Thiazides and collecting duct function 713
Table 3. Inner medullary collecting duct function at the beginning and end of the duct in control and thiazide-treated rats
Beginning End a P value
Control rats, N = 8
Length, mm 5.70 0.86 0.60 0.02 5.11 0.08
FRH2O%
FRNa%
2.13
1.50
0.25
0.11
0.88 0.16
0.30 0.06
1.26
1.20
0.17
0.14
< 0.001
< 0.001
FR1% 2.22 0.26 0.66 0.16 1.56 0.16 < 0.001
FRK% 13.5 0.4 9.6 2.5 3.9 2.1 NS
TFosm, mOsm kg H201 392 11 546 35 —156 34 < 0.001
Thiazide-treated rats, N = 8
Length, mm 5.79 0.19 0.68 0.03 5.11 0.18
FRH2O%
FRNa%
2.89
2.51
0.28
0.71
2.12 0.30"
1.32 0.4P'
0.77
1.19
0.l3b
0.14
< 0.001
< 0.05
FRCI% 3.92 0.49b 3.24 0.70' 0.48 0.39b NS
FRK% 39.0 2.7' 44.8 34d —5.8 2.4" < 0.05
TFosm 343 12c 458 31 115 20 < 0.001
Abbrevialions: FRH2O, FRNa, FR1, FRK = fraction of filtered fluid, sodium, chloride, potassium remaining, respectively.
= change along the duct (beginning-end).
b P < 0.05 compared to controls.
P < 0.01 compared to controls.
P < 0.001 compared to controls.
% Length
Fig. 1. Fractional water reabsorption (TF/P inulin), remaining frac-
tions of filtered sodium and chloride (TF/PNa)/(TF/P In) and
(TF/Pc1)/(TF/P In) at the beginning and end of the medullary collecting
duct (% length) for control (left panels) and thiazide-treated rats (right
panels). Each point (s) is the mean of four to six samples in an
individual animal. The group means are shown by (0). Fluid, sodium,
and chloride reabsorption in the duct were normal in controls, but in
thiazide-treated rats no significant chloride reabsorption was observed.
Fluid and sodium reabsorption at the end of the duct were reduced
significantly. For details see Results and Table 3.
Fluid and sodium reabsorption along the duct were significant
but the remaining fraction of filtered fluid and sodium at the end
(papillary tip) of the duct was increased compared to controls
with no significant change in fractional delivery. In controls
1.50% of filtered sodium was present at the beginning of the
duct and 1.20% reabsorbed along the duct (79 5%) of the
fraction delivered), while with hydrochiorothiazide, 2.51% of
filtered sodium was delivered to the duct and 1.19% was
reabsorbed along it (37 13%, P < 0.01). Thus, the fractional
sodium reabsorption in the duct as related to fractional deliv-
ery, was decreased significantly by thiazides. Fractional deliv-
ery of chloride to the beginning of the duct was increased, and
there was no significant chloride reabsorption along the duct.
Potassium delivery to the duct was increased markedly, and
there was a small but significant increase in the remaining
fraction of filtered potassium (secretion) along the duct. The
changes in fractional reabsorption between the beginning and
end of the duct were significantly different for fluid, chloride,
and potassium in thiazide-treated rats compared to controls.
The results in individual animals are shown in Figure 1.
Absolute loads of fluid and electrolytes at the beginning and
end of the IMCD are shown in Table 4. Although the delivered
loads of fluid, sodium, and chloride were increased by hydro-
chlorothiazide, none of these changes were statistically signifi-
cant, while the load remaining at the end of the duct was
increased markedly for each parameter. Chloride reabsorption
along the duct in thiazide-treated rats was not significant. The
delivered load of potassium was increased, and significant
potassium entry along the duct was demonstrated during thia-
zide administration.
Because of increased fluid and electrolyte delivery to the
collecting duct during diuretic administration, the effect of
thiazides on the duct itself is best assessed by comparing
reabsorption in relation to the delivered load. The fraction of
delivered fluid, sodium, and chloride reabsorbed in the inner
medullary collecting duct was reduced markedly by hydrochlo-
rothiazide as shown in Figure 2. The fraction of delivered fluid
load reabsorbed was reduced from 59.4 4.0% in controls to
31.9 5.1% in thiazide-treated rats (P < 0.005); the fraction of
delivered sodium reabsorbed was reduced from 78.5 4.9%to
37.2 12.4% (P < 0.005); and the fraction of delivered chloride
reabsorbed was decreased from 70.4 5.4% to 8.2 11.5% (P
400
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100
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Table 4. Absolute loads of fluid and electrolytes at the beginning and end of the inner medullary collecting duct
<0.001), the latter value being the same as zero. The changes in
the fraction of delivered potassium load reabsorbed or secreted
along the duct were variable and were not different between
controls and thiazide-treated animals, thus no significant effect
of thiazides on potassium transport in the duct itself could be
demonstrated.
Discussion
Our present understanding of the nephron sites of action of
thiazide diuretics is based on micropuncture and clearance
studies, which have been reviewed recently [I]. It is generally
accepted that thiazide diuretics inhibit sodium and bicarbonate
reabsorption in the proximal tubule through a carbonic anhy-
drase inhibitory effect and probably do not have a direct effect
on reabsorption in the loop of Henle. Their proximal action is
considered relatively unimportant in the diuretic response since
Kunau, WaIler, and Webb [9] showed that while both thiazides
and benzolamide modestly increased chloride delivery to the
early distal tubule, thiazides inhibited chloride reabsorption in
the distal convoluted tubule resulting in increased urinary
excretion of chloride, while benzolamide had no such effect.
Although it is clear that thiazides have an important site of
action in the distal convoluted tubule, previous micropuncture
studies [9, 101 suggest diminished reabsorption between the
surface distal tubule and final tirine and are thus compatible
with an additional effect on reabsorption in the cortical and/or
medullary collecting duct. This study was undertaken to exam-
ine this possibility directly by using the technique of in vivo
microcatheterization of the medullary collecting duct.
The results clearly show that hydrochlorothia7ide decreases
fluid, sodium, and chloride reabsorption in the medullary
collecting duct of the rat. Increased delivery of water, sodium,
and chloride to the beginning of the duct, while present, were
not statistically significant, but the amount remaining at the end
of the duct was increased markedly (Table 4). In view of the
changes in load delivered to the duct with thiazides, it is
necessary to examine the fractional reabsorption of the deliv-
ered load to determine thiazide effects on duct reabsorption
independent of load. The fraction of delivered sodium and
water reabsorbed along the duct was decreased significantly (P
< 0.005), confirming an effect of hydrochlorothiazide on reab-
sorption in the duct itself (Fig. 2). Chloride transport was more
markedly affected, with no significant reabsorption being de-
tectable along the collecting duct during hydrochlorothiazide
administration (Table 4, Figs. 1 and 2).
Potassium delivery to the duct was increased markedly by
thiazides (2.5-fold), indicating an effect of hydrochlorothiazide
on potassium reabsorption in the cortical collecting duct or
more proximal nephron segments as described by others [Ill.
Potassium handling by the medullary collecting duct was also
altered by hydrochlorothiazide, without significant reabsorp-
tion or secretion in controls, as shown previously [2, 4, 71, and
modest potassium secretion during thia7ide diuresis (Tables 3
and 4). Because distal tubular potassium secretion is flow-
dependent [121, the potassium secretion demonstrated in the
collecting duet during thiazide administration may be due to the
increase in fluid flow rate in this nephron segment. When
considered as a fraction of delivered load, potassium handling
in the duct itself was unaffected by hydrochlorothiazide, in
contrast to the effect of hydrochlorothiazide on sodium and
chloride reabsorption.
It should be emphasized that the effects of hydrochiorothia-
zide on collecting duct reabsorption were demonstrated with a
drug dose which was not massive hut was comparable to the
dose of chlorothiazide which resulted in the inhibition of
chloride reabsorption in the distal convoluted tubule [91. The
inhibition of fluid, sodium, and chloride reabsorption in the
medullary collecting duct occurred in the presence of only a
modest natriuresis and chloriuresis (0.95 and 2.5, respective-
ly, of filtered sodium and chloride loads excreted, Table 2).
Moreover, the thiazide effects on collecting duct reabsorption
were observed in animals which were not given extra fluid
replacement and thus were probably mildly volume-contracted
as shown by the slightly higher hematocrit levels (Table I).
The relationship between the Ihiazide-induced changes in
chloride, sodium, and potassium handling in the collecting duct
may provide insights into the possible mechanisms of diuretic
action on this nephron segment. The inhibition of chloride
reabsorption in the duct could be a direct effect of thiazides or
could be partially explained by the increase in potassium
delivery to the collecting duct. If increased potassium delivery
occurs mainly as the chloride salt and potassium is not normally
Beginning End P value
Control rats, N 8
Fluid, pJ mm 'gka 24.6 2.8 8.45 1.72 14.9 2.3 < 0.001
Sodium, nLq rn/n 'g/oi 2038 * 145 413 92 1648 183 < 0.001
Chloride, nEq ,nin 'gko' 2223 + 244 681 57 1542 166 < 0.001
Potassium, nEq ,nin 'gkw 633 160 454 -'- 123 178 92 NS
Thiazide-treated rats, N — 8
Fluid, p1 mm 'gku 34.1 5.5 23.8 4.6d 10.4 2.0 < 0.01
Sodium. nEq mm 'gkw 3095 ' 810 2085 732 1022 368 < 0.02
Chloride. nEq ,nin 'gkn' 4095 847 3677 818' 418 397c NS
Potassium, nEq ,nin 'p1.w I 1580 l37 1794 134e 206 + 95 < 0.05
Data represent absolute loads calculated from fractional delivery (see Table 3, GFR of the experimental kidney, and plasma level).
X Amount reabsorbed along the duct (beginning-end).
P < 0.05 compared to controls.
P — 1)01 compared to controls.
P 0.001 compared to controls.
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reabsorbed by the collecting duct, then increased potassium
delivery would obligate a similar increase in chloride excretion.
The increases in potassium delivery to the collecting duct and in
potassium excretion during hydrochlorothiazide were approxi-
mately 50% of the increase in chloride delivery and chloride
excretion (Tables 1 and 4). Thus, increased potassium delivery
could account for no more than half of the chloriuresis.
An additional effect of thiazides on active chloride (and
sodium) transport in the collecting duct, which could be direct
or indirect, seems probable but cannot be established by this
study. A direct effect of thiazides on duct chloride reabsorption
is more likely than an indirect effect since a thiazide-induced
increase in loop of Henle flow rate and decrease in distal tubular
reabsorption would tend to decrease medullary tissue solute
concentration and thus decrease the gradient for collecting duct
reabsorption. Moreover, in the distal tubule an increase in
specific transepithelial resistance has been described after
chlorothiazide which would be compatible with a decrease in
sodium chloride permeability of the luminal membrane [111.
Recent studies of the effect of chlorothiazide and furosemide on
membrane potential and volume reabsorption in the distal
tubule of the amphibian also suggest that the primary effect of
these agents is to decrease the chloride permeability of the
luminal membrane [131. We have recently extended [3] an
earlier study of Sonnenberg [2] showing that furosemide com-
pletely inhibits chloride, sodium, and fluid reabsorption in the
medullary collecting duct, indicating that this so-called 'loop
diuretic' also affects the collecting duct.
The effect of hydrochlorothiazide on sodium (and water)
reabsorption in the medullary collecting duct was not as great as
the effect on chloride transport. This difference could be the
result of greater chloriuresis associated with increased potassi-
um delivery as discussed above. The mild volume contraction
in thiazide-treated rats may have interfered with the natriuretic
action. It is also possible that the carbonic anhydrase inhibitory
properties of hydrochlorothiazide could be involved in its
natriuretic effect. Acetazozlamide, the prototype carbonic an-
hydrase inhibitor, decreases sodium reabsorption in the collect-
ing duct [2] and also reduces bicarbonate reabsorption [14, 15].
If sodium bicarbonate delivery to the collecting duct was lower
in some rats than in others, then the action of hydrochlorothia-
zide to decrease sodium reabsorption through carbonic anhy-
drase inhibition would be decreased in such animals. The
urinary excretion data (Table 2), however, strongly suggest that
there was no bicarbonate diuresis during thiazide administra-
tion since sodium plus potassium minus chloride excretion rates
were almost identical in controls and thiazide-treated animals
(261 and 189 mEq min'gkw, respectively) despite the
increase in all three parameters during thiazides. Our results
thus support the hypothesis that thiazides have a moderate
inhibitory effect on chloride and sodium reabsorption in the
collecting duct and that the greater chloriuresis than natriuresis
results from enhanced potassium delivery to the duct.
Recognition of an effect of hydrochlorothiazide on collecting
duct chloride, sodium, and fluid reabsorption has several signif-
icant implications. First, clearance studies have indicated a
decrease in free water clearance with thiazides, although an
action on the diluting segment in the 1oop of Henle has not been
demonstrated (reviewed in [1]). Since urinary dilution by sodi-
um chloride reabsorption also occurs in the collecting duct
during water diuresis [4, 161, it is apparent that an inhibitory
effect of hydrochlorothiazide on sodium chloride reabsorption
in this nephron segment could account for a decrease in free
water clearance. Secondly, chlorothiazide and furosemide have
been used frequently to block reabsorption in the distal convo-
luted tubule and loop of Henle, respectively, with the assump-
tion that they have no additional action on the collecting duct.
These studies are open to alternative interpretation in view of
the effects of these diuretics on medullary collecting duct
reabsorption. Thirdly, an effect of hydrochlorothiazide on sodi-
um chloride reabsorption in the collecting duct raises the
possibility that reabsorption of other ions such as calcium may
also be affected in this segment, as occurs in the distal tubule
11].
In summary, this study shows, to our knowledge for the first
time, an inhibitory effect of hydrochlorothiazide on chloride,
sodium, and water reabsorption in the medullary collecting duct
of the rat. Further studies of thiazide effects on the collecting
duct, for example, using in vitro isolated tubule perfusion, are
required to clarify the mechanism of diuretic action in this
nephron segment.
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